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Abstract

Glasdegib is an inhibitor of the Hedgehog pathway recently approved in the United States for the treatment of acute myeloid leukemia. A population
pharmacokinetic analysis was conducted to characterize the kinetic behavior of glasdegib and its sources of variability (covariates) by utilizing data
from 269 patients with cancer treated with oral glasdegib doses ranging from 5 to 640 mg/d. Nonlinear mixed-effects modeling was conducted using
NONMEM (v.7.3) and Perl-speaks NONMEM (v.4.2.0). The estimated apparent total clearance, apparent central volume of distribution, and apparent
peripheral volume of distribution were 6.27 L/h, 3.32 L, and 279.2 L, respectively. Age, sex, race, and hepatic function were not significant covariates
on glasdegib pharmacokinetic parameters. Baseline body weight, percentage bone marrow blasts, creatinine clearance, and use of moderate or strong
cytochrome P450 3A inhibitors were statistically significant covariates on apparent total clearance; however, the magnitude of the effects was not
considered clinically meaningful.
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Glasdegib (PF-04449913), an oral, small-molecule in-
hibitor of the Smoothened (SMO) receptor, selectively
inhibits theHedgehog signaling pathway.Glasdegib has
been evaluated in patients with cancer with hemato-
logic malignancies and solid tumors in monotherapy
dose-escalation studies over the dose range of 5 to
640 mg once daily (QD).1–3 In the first-in-human dose-
escalation study, the maximum tolerated dose (MTD)
of glasdegib was 400 mg QD, and the maximum ad-
ministered dose was 600 mg QD.1 Based on evidence of
consistent downregulation of the Hedgehog pathway at
�100 mg QD, initial clinical efficacy signals, and safety
and tolerability evaluation, a dose of �200 mg QD was
selected as the recommended phase 2 dose. Further,
due to the expected long-term drug administration,
and to provide additional safety margin for potential
drug-drug interactions (DDI) that may increase glas-
degib exposure, the 100 mg QD dose was chosen for
further clinical evaluation. Glasdegib at the clinical
dose of 100 mg QD is currently under evaluation in
combination with chemotherapy in patients with acute
myeloid leukemia (AML) or high-risk myelodysplastic
syndrome (MDS).4,5 Glasdegib was recently approved
in theUnited States for the treatment of AML in elderly
patients or patients with comorbidities that exclude the
use of intensive induction chemotherapy.6

Data from noncompartmental pharmacokinetic
(PK) analysis for glasdegib administered to patients
with hematologic malignancies indicated dose-

proportional increase in plasma exposure (5-600 mg
QD) following single and multiple daily dosing.1

The mean plasma elimination half-life of glasdegib
across the dose levels tested ranged from 17.4 to 34.3
hours. The median observed accumulation ratio in
glasdegib-treated patients ranged from 1.2 to 2.5 and
was consistent with the observed plasma half-life of
the drug. In healthy subjects glasdegib PK was not
affected in a clinically relevant manner by a high-fat
meal or by use of proton pump inhibitors.7

Glasdegib has high absolute oral bioavailability
(77.12%) and is extensively distributed.1,8 Glasdegib is
eliminated primarily by oxidative metabolism, mostly
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by cytochrome P450 (CYP) 3A4, with minor contri-
bution from glucuronidation by uridine diphosphate
glucuronosyltransferase 1A9. The plasma exposures of
glasdegib were increased by a strong CYP3A inhibitor9

and decreased by a strong CYP3A4 inducer.8 In a
radiolabel mass balance study, a mean of 48.9% and
41.7% of the radiolabeled dose was recovered in urine
and feces, respectively. Unchanged glasdegib recovered
in the urine and feces accounted for 17.2% and 19.5%
of the 100 mg dose.10

The objectives of this analysis were to develop a PK
model to characterize glasdegib kinetic behavior and
to determine the sources of variability in glasdegib PK
parameters through covariate analysis.

Methods
Clinical Studies
Patient data were included from 3 glasdegib
studies (ClinicalTrials.gov identifier): B1371001
(NCT00953758), B1371002 (NCT01286467), and
B1371003 (NCT01546038). All studies were approved
by independent ethics committees and conducted in
accordance with the Declaration of Helsinki and Good
Clinical Practice. All subjects and patients provided
written, informed consent for participation. The study
sites and institutional review boards for each trial are
provided in Supplemental Table S1.

In study B1371001, patients with hematologic ma-
lignancies received oral glasdegib 5, 10, 20, 40, 80,
120, 180, 270, 400, or 600 mg QD as monotherapy.
B1371002 was a dose-ranging study in patients with
solid tumors treated with glasdegib 80, 160, 320, or
640 mg QD as monotherapy. B1371003 was a phase
1b/2 study in patients with AML and high-risk MDS.
In the phase 1b portion, glasdegib was administered at
2 dose levels, 100 mg or 200 mg QD, with either low-
dose cytarabine, decitabine, or a chemotherapy regimen
of 7 days of standard-dose cytarabine and 3 days of
an anthracycline (7+3). In the phase 2 portion of
B1371003, in a subset of the patients considered inel-
igible to receive intensive chemotherapy (n = 132), low-
dose cytarabine was administered with versus without
glasdegib 100 mg QD. In the subset of patients eligible
for intensive chemotherapy (n = 71), the 7+3 regimen
was administered with versus without glasdegib. For
studies B1371001 and B1371002, glasdegib was admin-
istered in the fasted state, and in B1371003 glasdegib
was administered without regard to food.

PK Assessment
Intensive sampling for single-dose glasdegib PK was
available for studies B1371001 (predose, 0.5, 1, 2, 4, 8,
24, 48, 96, and 120 hours) and B1371002 (predose, 1,
2, 4, 6, 10, and 24 hours). Only sparse sampling for
single-dose glasdegib was available for study B1371003.

For multiple-dose PK analysis, intensive sampling was
collected from all 3 studies. Details on the sample
collection are shown in Supplemental Table S2.

Plasma samples were analyzed for glasdegib con-
centrations using a validated, sensitive, and spe-
cific high-performance liquid chromatography–tandem
mass spectrometry method.10 No values were below the
lower limit of quantitation for glasdegib (0.200 ng/mL).
Missing glasdegib concentration values were excluded
from the data set.

Structural Model Development
The analysis was performed using nonlinear mixed-
effects modeling methodology in NONMEM version
7.3.0 (ICON Development Solutions, Ellicott City,
Maryland). Stochastic approximation expectation-
maximization/Monte Carlo importance sampling
was used. This integrates the posterior density
by performing a Monte Carlo sampling over the
parameters during the expectation step and then uses a
single iteration maximization step in order to advance
the fixed-effect parameters toward the maximum
likelihood.11 Interindividual variability (IIV) in the
PK parameters was modeled using multiplicative
exponential random effects (ω2). Residual variability
was modeled using a proportional error model with
log-transformed glasdegib plasma concentrations and
thetarized sigma.

Structural models, including 1-compartment or 2-
compartment models and different absorption models
(0- and first-order absorption models, evaluation of
lag time, mixed absorption models, and transit com-
partment absorption models), were explored. Model
selection was based on change in objective function
value (OFV), visual inspection of diagnostic plots,
model stability, precision of the parameter estimates,
and decreases in variability. A 2-compartment model
best described the data and included the following
parameters: apparent total clearance (CL/F), apparent
central volume of distribution (Vc/F), apparent pe-
ripheral volume of distribution (Vp/F), intercompart-
mental clearance (Q/F), and first-order absorption rate
constant (ka).

Covariate Analyses
Potential covariates were selected and tested for signifi-
cance by stepwise covariate modeling as implemented
in Perl-speaks-NONMEM version 4.2.0.12 Forward
inclusion to the full model was based on statistical
criterion α = 0.05, and backward elimination for the
final model was based on the criterion α = 0.001.

Demographic covariates (baseline body weight,
baseline age, sex, and race), baseline laboratory tests
(eg, weight-standardized creatinine clearance [CRCL],
aspartate transaminase, total bilirubin, albumin,
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Table 1. Covariates Evaluated on Population Pharmacokinetic Base
Model

PK
Parameter Covariate

CL/F Age,WNCLa, BAST, BBIL, BALB, CYP3A, sex, BPBL, solid tumor,
race, combination therapy with chemotherapeutic agents

Vc/F Sex, BALB, BPBL, solid tumor, combination therapy with
chemotherapeutic agents

Vp/F BALB, BPBL, solid tumor, combination therapy with
chemotherapeutic agents

Q/F Solid tumor, combination therapy with chemotherapeutic
agents

ka Formulation, combination therapy with chemotherapeutic
agents

Age indicates baseline age; BALB, baseline albumin; BAST, baseline aspartate
aminotransferase; BBIL, baseline total bilirubin; BCCLi, baseline creatinine
clearance for the i-th individual; BPBL, baseline percentage blasts in bone mar-
row; BWTi, baseline body weight for the i-th individual; CL/F, apparent total
clearance; CYP3A, use of concomitant cytochrome P450 3A moderate or
strong inhibitor;ka, first-order absorption rate constant;PK,pharmacokinetic;
Q/F, intercompartmental clearance; Vc/F, central volume of distribution; Vp/F,
peripheral volume of distribution; WNCLi, baseline standardized creatinine
clearance for the i-th individual.
aWNCLi = BCCLi × 70/BWTi

percentage bone marrow blasts), use of a moderate
or strong CYP3A inhibitor, tumor type (hematologic
malignancy or solid tumor), and pharmaceutical
formulation were evaluated (Table 1). The covariates
were screened for pairwise correlation, and the more
clinically relevant covariate or the one with greater
statistical significance was selected to be included in
the model (Supplemental Figure S1).

Categorical covariates were included using a linear
model. Continuous covariates were included using a
linear or power model. If a baseline continuous covari-
ate value was found to be missing and the covariate
was measured at postbaseline visits, that value was then
imputed using the value at the first available, or earliest,
postbaseline visit. If a continuous covariate value was
entirely missing for the patient, the baseline value was
imputed as the population median baseline value.

Model Evaluation
At all stages of model development, goodness of fit was
evaluated using the following criteria: OFV, condition
number, visual inspection of different diagnostic plots,
precision of the parameter estimates, and decreases in
IIV and residual variability.

Diagnostic plots were examined to assess model
adequacy, possible lack of fit, or violation of as-
sumptions. Prediction-based plots of observed values
versus Monte Carlo–generated population predictions
and observed values versus individual predictions
were evaluated for randomness around the line of
unity. Residual-based diagnostic plots of conditional
weighted and individual weighted residuals versus time

and model predicted values were evaluated for ran-
domness around the 0 line. Empirical Bayes estimates
(EBEs)-based diagnostics were also performed, thus,
the distribution of ηs was checked to ensure approxi-
mately normal distribution. In addition, plots of ηs in
the final model versus each covariate were compared
with similar plots for the base model to demonstrate
that the final model accounted for trends observed with
the base model.

Both η-shrinkage (1 standard deviation [ηEBE]/ω)
and ε-shrinkage (1 SD [individual weighted residuals])
were evaluated to assess the validity of using post hoc
individual parameter estimates for model diagnosis.14

Nonparametric resampling (bootstrap) was carried
forward to calculate CIs of the estimated PK param-
eters because the working assumption is that observa-
tions in a data set differ randomly, and it is this random
difference that gives rise to the uncertainty in a parame-
ter. All postprocessing graphical and statistical analyses
were completed with R version 3.2.2 (R Foundation for
Statistical Computing, Vienna, Austria).

The performance of the final model was evaluated
by simulation-based diagnostics of the final data set
using the parameter estimates from the final model
(fixed and random effects) and conducting a visual
predictive check (VPC).13,14 However, the diagnostic
value of the VPC could be hampered by binning across
a large variability in dose and/or influential covariates.
The prediction-corrected VPC offers a solution to these
problems while it retains the visual interpretation of
the traditional VPC. In the prediction-corrected VPC,
the variability coming from binning across independent
variables is removed by normalizing the observed and
simulated dependent variable based on the typical pop-
ulation prediction for the median independent variable
in the bin. Simulations were performed using patients’
characteristics as well as sampling history from the
data set. The concentration-time data were summarized
using the median and 5th and 95th percentiles. The
study was used to stratify and summarize simulated and
observed data. The concordance between individual
observations and simulated values, as well as the distri-
bution of observed and simulated data, were evaluated.

Results
Summary of Observed Data
Demographic and baseline data from 272 patients
with various hematologic or solid tumor malignancies
from the 3 clinical studies are summarized in Table 2.
The evaluated dose levels ranged from 5 to 640 mg
QD (Supplemental Table S3); the majority of patients
received the clinical dose of 100 mg QD (n = 187
[69%]). The median baseline age and weight of the
patients were 69 years and 78.6 kg, respectively, and
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Table 2. Patient Demographics and Baseline Characteristics by Study

Study

B1371001 B1371002 B1371003 All
n = 47 n = 23 n = 202 N = 272

Population

Hematologic Malignancies Solid Tumor Malignancies AML or High-Risk MDS All Patients

Age, y 69 (25, 89) 61 (27, 76) 70.5 (27, 92) 69 (25, 92)
Weight, kg 71.8 (43.5, 117.3) 73.8 (47.0, 127.4) 80.2 (47.5, 145.6) 78.6 (43.5, 145.6)
Male/Female, n 28/19 14/9 139/63 181/91
Race/ethnicity, n

White 38 18 179 235
Black 4 0 12 16
Asian 1 3 5 9
Hispanic 2 2 5 11
Other 0 0 1 1

WBC, 109 cells/La 4.4 (0.4, 48.5) 6.5 (2.4, 11.6) 2.8 (0.4, 5850.0) 3.6 (0.4, 5850.0)
Percentage bone marrow blastsa 37 (0, 100) Not applicable 39.5 (10, 100) 39.3 (0, 100)
Albumin, g/dLa 3.8 (2.4, 4.9) 4.1 (2.6, 4.6) 3.6 (0, 33.0) 3.7 (0, 33.0)
AST, U/La 20.0 (10, 364) 23.5 (8, 150) 21.0 (8, 107) 21.0 (8, 364)
Bilirubin, mg/dLa 0.5 (0.1, 4.2) 0.6 (0.3, 1.8) 0.6 (0.02, 2.3) 0.6 (0.02, 4.2)
Hepatic function, n

Normal (A) 39 16 165 220
Mild (B1) 4 3 19 26
Mild (B2) 3 3 11 17
Moderate (C) 0 0 3 3
Severe (D) 1 0 0 1
Missing 0 1 4 5

CRCL, mL/mina 86.1 (38.6, 224.8) 94.3 (46.6, 149.0) 78.2 (31.4, 238.4) 80.9 (31.4, 238.4)
Renal function, n

Normal (A) 21 15 70 106
Mild (B) 22 3 78 103
Moderate (C) 4 4 54 62
Severe (D) 0 0 0 0
Missing 0 1 0 1

CYP3A inhibitor, nb

None 32 21 101 154
Moderate 8 2 52 62
Strong 7 0 49 56

AML, acute myeloid leukemia; AST, aspartate transaminase; CRCL, creatinine clearance; CYP3A, cytochrome P450 3A; MDS, myelodysplastic syndrome; WBC,
white blood cells.
The data presented are median (minimum,maximum) unless otherwise noted.
aThe following variables had missing baseline values (n, %): albumin (4, 1.5%), AST (5, 1.8%), bilirubin (1, 0.4%), CRCL (1, 0.4%), percentage bone marrow blasts
(19, 7.6%),WBC (1, 0.4%). The percentage missing calculation for the percentage bone marrow blasts variable was based on hematologic patients only.
bFor CYP3A moderate or strong inhibitor use, 1 record per patient, that with the most extreme case, was considered in the summary (ie, if a patient reported
use of both moderate and strong CYP3A inhibitor use, only the strong was considered).

the majority of patients were male (n = 181 [67%]).
The median baseline CRCL (based on the Cockcroft-
Gault equation) was 80.9 mL/min, and the number
of patients with normal renal function or mild renal
impairment (as defined by Kidney Disease Outcomes
Quality Initiative classification15) were well matched
at 39% and 38%, respectively; 62 (23%) patients had
moderate renal impairment. Most patients had nor-
mal hepatic function (n = 220 [81%]), 43 (16%) had
mild impairment, 3 (1%) had moderate impairment,
and 1 had severe impairment (as defined by National
Cancer Institute Organ Dysfunction Working Group
criteria16).

Base Model
The population PK analysis included 246 patients with
hematologic malignancies and 23 with solid tumors
(3 patients who did not have glasdegib PK concentra-
tionswere excluded), with 3616 glasdegib concentration
data points.

In exploratory analyses it was determined that the
2-compartment model significantly improved model
fit and reduced OFV compared with a 1-compartment
model. Additional models evaluating absorption were
tested, including addition of lag time,mixed 0- and first-
order absorption, and transit compartment absorption.
All of these models failed to improve model stability
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Figure 1. Two-compartment first-order absorption model. CL/F indi-
cates apparent oral clearance; ka, first-order absorption rate constant;
Q/F, apparent intercompartmental clearance; Vc/F, apparent central
volume of distribution; Vp/F, apparent peripheral volume of distribution.

(defined as condition number <1000), increased OFV,
or showed significant bias in the prediction-based and
residual-based diagnostic plots. (See Supplemental
Table S4 for additional details of model development.)
Therefore, the 2-compartment, first-order absorption
model was determined to be themost appropriate struc-
tural model to characterize glasdegib PK (Figure 1).

Addition of allometric scaling of baseline body
weight to the 2-compartment model with a scaling
factor of 0.75 on CL/F and Q/F and 1.0 on Vc/F and
Vp/F helped improve model stability and the diagnos-
tic ƞ versus covariate plots for baseline body weight
and sex. Different error models were explored, and
inclusion of 2 thetarized residual proportional errors
separately for hematology and solid tumor patients
resulted in statistically significant reduction inOFVand
improvement in model stability. The final base model
was a 2-compartment, first-order absorption model
with allometric weight scaling and 2 thetarized residual
error terms based on tumor type. The PK parameters
from the base model are presented in Supplementary
Table S5.

Covariate Analyses and Final Model
In the full model, baseline percentage bone marrow
blasts, weight-standardized CRCL, and use of moderate
or strong CYP3A inhibitors were significant covariates
on glasdegib CL/F (α = 0.05). Solid tumor malignancy
was a significant covariate on Vp/F and Q/F. In the
backward elimination step, all of the covariates from
the full model were retained (α = 0.001).

The PK parameters from the final model are pre-
sented in Table 3. The typical value of CL/F is 6.27 L/h,
with baseline body weight, weight-standardized CRCL,
percentage bone marrow blasts, and use of moderate or
strong concomitant CYP3A inhibitors as predictors of
IIV. The typical values of Vc/F and Vp/F were 3.32 L
and 279.21 L, respectively, with body-weight scaling
and tumor type as covariates. The typical value of Q/F
was 1.288 L/h with allometric body weight scaling and
tumor type as covariates. The typical value of ka was
estimated to be 0.06 hour-1. Inclusion of the covariates
resulted in reduction in the coefficient of variation for
ω2. The equations describing CL/F, Vc/F, Vp/F, and
Q/F parameters for the i-th individual are listed below:

CL/Fi = 6.27 ×
(
BWT
70

)0.75

× (1 − 0.173 · CYPmoderate)

× (
1 − 0.303 · CYPstrong

)

×
(
WNCL
71.23

)0.406

× (1 − 0.004 (BPBL − 38.20))

Vc/Fi = 3.32 ×
(
BWT
70

)1

Vp/Fi = 279.21 ×
(
BWT
70

)1

× (1 − 0.825 · Solid)

Q/Fi = 1.29 ×
(
BWT
70

)0.75

× (1 − 0.653 · Solid)

wherein BPBL is baseline percentage bone marrow
blasts, BWT is baseline body weight, and WNCL is
weight-standardized CRCL. In line with other oral
oncology drugs, the residual variability for both hema-
tologic and solid tumor patients was around 60% to
70% despite inclusion of covariates.17–21

Prediction-based diagnostic plots showed good
agreement between model predictions and observed
concentrations (Figure 2, Supplemental Figure S2). The
final model described the data without any obvious bias
in residual error over time and concentration (Figure 2).
There were some data points (8 out of 3616 observa-
tions) identified as potential outliers using the criteria
of absolute value of conditional weighted residuals or
absolute value of individual weighted residuals >6. Af-
ter exclusion of these data points from the final model,
the key parameter estimates did not change by more
than 15%. Therefore, the outliers were not considered to
be influential on the key parameter estimates and were
retained.
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Table 3. Final Model and Bootstrap Parameter Estimates

Final Model

Estimatea RSE (%) Shrinkage (%) Bootstrap (Median) Bootstrap 95%CI
Healthy

Volunteer Modelb

OFV 1471.574 83.523
CL/F, L/h 6.27 6.4 – 6.23 5.56 to 6.81 10.1 (4.1%)

θCYPmod –0.17 59.4 – –0.18 –0.37 to 0.09
θCYPstrong –0.30 36.6 – –0.31 –0.53 to –0.06
θWNCL 0.41 23.3 – 0.41 0.22 to 0.60
θBPBL –0.004 34.5 – –0.004 –0.006 to –0.001

Vc/F, L 3.32 23.7 – 3.52 1.87 to 5.55 112 (4.1%)
Vp/F, L 279.21 90.0 – 296.04 80.09 to 1090.45 53.5 (6.9%)

θsolid –0.825 14.6 – –0.81 –0.95 to –0.30
Q/F, L/h 1.29 46.6 – 1.58 0.90 to 2.57 1.92 (11.4%)

θsolid –0.65 24.4 – –0.69 –0.91 to –0.27
ka, hour–1 0.06 5.0 – 0.06 0.06 to 0.07 0.79 (8.9%)
Intersubject
variability

CL/F 43.0% 14.8 16.2 42.3% 36.8% to 49.4% 19.6% (5.8%)
Vc/F 215.3% 22.8 22.6 215.2% 170.3% to 267.6% 11.0% (52.0%)
Vp/F 112.8% 118.9 69.1 126.8% 42.4% to 212.8% 3.2% FIXED
Q/F 65.8% 36.3 62.9 59.7% 18.0% to 85.8% 3.2% FIXED
ka 13.5% 97.8 70.7 11.0% 4.1% to 21.1% 53.4% (10.6%)

Residual error,
proportional error

Hematologic 65.8% 5.2 – 65.7% 59.2 to 73.3 58.6%
Solid tumors 59.5% 7.0 – 59.3% 51.4 to 67.9

BPBL, baseline percentage bone marrow blasts; CL/F, apparent clearance; CV, coefficient of variation; CYPmod, use of concomitant moderate cytochrome P450
3A inhibitor; CYPstrong, use of concomitant strong cytochrome P450 3A inhibitor; FOCEI, first-order conditional estimation with interaction; ka, first-order
absorption rate constant; OFV, objective function value; Q/F, intercompartmental clearance; RSE, relative standard error; solid, patients with solid tumor; Vc/F,
apparent central volume of distribution; Vp/F, apparent peripheral volume of distribution;WNCL, baseline standardized creatinine clearance.
The median and 95%CI are generated from a bootstrap run of 1000 resampled data sets.
aModel estimates are typical θ values. For intersubject variability, estimates are CV (%).
bThe healthy volunteer model included noncancer subjects from studies B1371010 and B1371014 (n = 49; 1937 concentrations) and was described by a
2-compartment model with allometric body weight scaling and first-order absorption and elimination. FOCEI was the estimation method used. Food was
empirically added as a covariate on ka by linear function. Residual error was described by proportional error model of all subjects.

Prediction-corrected VPC plots demonstrated that
the final model could reasonably describe the central
tendency and variability of glasdegib PK, thus suggest-
ing lack of model misspecification (Figure 3). Boot-
strapping was based on 1000 resampled data sets. All
final model estimates were similar to the median values
of the bootstrap estimates and were within the 95%CI.
Of note, the 95%CI of the bootstrap estimate for use
of moderate CYP3A inhibitor on CL/F encompassed
0. Bootstrap 95%CI estimates for all other covariate
parameters excluded 0.

Exploratory modeling suggested the healthy volun-
teer population may exhibit different glasdegib PK
from the cancer patient population. The parameter
estimates from a 2-compartment, first-order absorption
model using data from the healthy volunteer studies
B1371010 andB1371014 are also presented in Table 3 as
a comparison to the final model estimates based on the
pooled data from patients with cancer. Glasdegib CL/F
estimates for healthy subjects were >1.6-fold higher
than in patients with cancer.

Effect of Covariates
For a typical 70-kg patient with hematologic malig-
nancy, 38.2% bone marrow blasts (population median),
and no concomitant use of a CYP3A inhibitor, glas-
degib CL/F is estimated at 6.27 L/h, Vc/F at 3.32 L,
Vp/F at 279.21 L, and Q/F at 1.29 L/h. The impact of
the significant covariates in the final model is presented
in Table 4. Demographic and baseline characteristics,
such as sex, age, race, and hepatic function, were not
found to have an effect on glasdegib PK. A simulation
using final model parameters (n = 500) was conducted
to evaluate the change in steady-state exposure (maxi-
mum concentration and area under the concentration-
time curve) for the significant covariates (Figure 4).

Body Weight. Body weight was included on clearance
parameters (CL/F and Q/F) as a fixed effect using
the scaling exponent of 0.75, and on the volume of
distribution parameters (Vc/F and Vp/F) with a scaling
exponent of 1. At the 10th percentile baseline body
weight (61.2 kg) as compared with a typical 70-kg
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Figure 2. Prediction- and residual-based goodness-of-fit diagnostic plots. Prediction-based diagnostic goodness-of-fit plots by study of logarithm of
observed glasdegib concentration versus (A) logarithm of EPRED and (B) IPRED concentrations. Dashed line represents line of unity, and solid line
represents linear smooth line. Residual-based diagnostic goodness-of-fit plots of EWRES vs (C) logarithm of EPRED concentration and (D) time after
first dose.Dashed lines (C and D) are at EWRES = –6 and EWRES = 6. EPRED indicates population predicted; EWRES, conditional weighted residual;
IPRED, individual predicted; log, natural logarithm transformed.

patient, there was a 10% and 13% decrease in glasdegib
CL/F and Vc/F, respectively. At the 90th percentile
body weight (102.1 kg), there was a 33% and 46%
increase in CL/F and Vc/F, respectively, compared with
a 70-kg patient.

Bone Marrow Blasts at Baseline. The final model sug-
gested that a 1% change in baseline percentage bone
marrow blasts from the population median value of
38.2% would result in an estimated 0.4% change in
glasdegib CL/F. Relative to the median, a patient in the
10th percentile with 15% baseline bone marrow blasts
had an �9% increase in glasdegib CL/F. In contrast,
a patient in the 90th percentile with 83% baseline
bone marrow blasts had 17% reduction in glasdegib
clearance.

Concomitant Use of CYP3A Inhibitors. In study
B1371003, >40% of patients reported use of a

moderate and/or strong CYP3A inhibitor with
glasdegib (Table 2). Concomitant use of a moderate or
strong CYP3A inhibitor with glasdegib resulted in a
17% and 30% decrease, respectively, in glasdegib CL/F.

Renal Impairment Status. In the model, baseline
weight-standardized CRCL was evaluated instead of
baselineCRCL in order to avoid duplicate accounting of
the effect of body weight on glasdegib CL/F (Table 1).
Across the 3 clinical studies, the number of patients
with normal renal function and mild renal impairment
were well matched (n = 105 and n = 102, respectively)
with the median baseline weight-standardized CRCL of
71.2 mL/min (81.0 mL/min for median baseline CRCL

as determined using the Cockcroft-Gault equation).
For the patient with median CRCL and normal renal
function, weight-normalized glasdegib CL/F was esti-
mated at 6.5 L/h. For the patient with median CRCL

and mild versus moderate renal impairment (n = 61),
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Figure 3. Prediction-corrected VPC by study. Prediction-corrected VPC of (A) study B1371001, (B) study B1371002, and (C) study B1371003.
Shaded areas represent the 95%CIs of the predicted percentiles. Solid line represents the 50th percentile, and dashed lines represent the 5th and 95th
percentiles. Observed data are represented by circles (◦). log indicates natural logarithm transformed; VPC, visual predictive check.

Table 4. Effect of Significant Covariates

Baseline Covariate Group/Value (Percentile) Parameter Estimate Change

Typical 70-kg hematologic patient with 38.2% BMB and no
concomitant use of CYP3A inhibitor

CL/F, L/h 6.3 ...

Vc/F, L 3.3
Vp/F, L 279.2
Q/F, L/h 1.3

Body weight 61.24 kg (10th) CL/F, L/h 5.7 ↓ 10%
Vc/F, L 2.9 ↓ 13%

102.1 kg (90th) CL/F, L/h 8.3 ↑ 33%
Vc/F, L 4.8 ↑ 46%

Percent BMB 15% (10th) CL/F, L/h 6.9 ↑ 9%
83% (90th) 5.1 ↓ 17%

Use of CYP3A inhibitor Moderate CL/F, L/h 5.2 ↓ 17%
Strong 4.4 ↓ 30%

CRCL
a 110.2 mL/min (normal) CL/F, L/hb 6.5 –

75.5 mL/min (mild) 6.2 ↓ 5%
51.1 mL/min (moderate)

4.8 ↓ 26%
Tumor type Solid tumor malignancy Vp/F, L 48.9 ↓ 83%

Q/F, L/h 0.4 ↓ 65%

BMB indicates bone marrow blast; CL/F, apparent total clearance; CRCL, creatinine clearance; CYP3A, cytochrome P450 3A; Q/F, apparent intercompartmental
clearance; Vc/F, apparent central volume of distribution; Vp/F, apparent peripheral volume of distribution.
aMedian baseline CRCL value for the respective renal impairment group is presented. CRCL is estimated by Cockcroft-Gault equation.
bThe CL/F estimate for renal function is normalized by baseline body weight.

weight-normalized glasdegib CL/F was estimated at
6.2 L/h versus 4.8 L/h, respectively, representing a
26% decrease in CL/F in patients with moderate renal
impairment as compared with normal renal function.

Tumor Type. Patients with solid tumor malignancies
were examined relative to patients with hematologic
malignancies and had�83% and�65% lower glasdegib
Vp/F and Q/F, respectively.

Discussion
The population model for glasdegib, a 2-compartment,
first-order absorption model with allometric body-

weight scaling and thetarized proportional errors, ad-
equately described the kinetic behavior of glasdegib in
patients with hematologic and solid tumor malignan-
cies. Demographic and baseline characteristics, such
as age, sex, race, and hepatic function (Table 2), were
evaluated but not found to be significant covariates on
glasdegib PK parameters. The final model identified
several covariates that were statistically significant and
can explain some of the sources of variability in CL/F,
Vp/F, and Q/F estimates.

Baseline bodyweightwas added a priori to themodel
using allometric scaling on clearance (ie, CL/F and
Q/F) and distribution (ie, Vc/F and Vp/F) parameters.
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Figure 4. Forest plot of impact of significant covariates on glasdegib exposures. The median (point) and 90%CI for the fold change compared with
the typical patient are presented for each scenario. The median pharmacokinetic parameter value (Cmax,ss or AUCtau,ss) for each scenario is also
presented. The typical patient was considered a 70-kg male hematology patient, not taking concomitant CYP3A4 inhibitors, and with the median
values for baseline weight, standardized creatinine clearance, and percentage bone marrow blasts. The typical patient is presented as the 1-fold solid
black line. The dashed vertical lines represent the prespecified range of exposures over which no dose modification would be recommended. The
values on the left of the y-axis represent the scenarios. The 10th, 25th, 75th, and 90th percentiles for BWT,WNCL, and BPBL are presented. For BWT,
the 50th percentile is also presented. *The difference in pharmacokinetic parameter value is statistically significant (α = 0.01) relative to the reference.
AUCtau,ss indicates area under the concentration-time curve at steady state; BPBL, baseline percentage blasts in bone marrow; BWT, baseline body
weight; Cmax,ss, peak concentration at steady state; CYP, cytochrome P450;WNCL, weight-standardized CRCL.

At the lower extreme of baseline body weight (ie, 10th
percentile), the change in CL/F for a typical adult
weight of 70 kg was a 10% reduction. This reduction
in CL/F is not likely to result in a clinically meaningful
exposure increase (�1.1 fold) that would warrant dose
adjustment from a safety perspective, given that the
MTD of glasdegib was 400 mg QD. At the high-
extreme baseline bodyweight (ie, 90th percentile), CL/F
is expected to increase by �33%, and the simulated
fold change in steady-state maximum concentration
and area under the curve is �0.75, which will not pose
additional safety risks and is not expected to result
in a decrease in target modulation and hence reduced
efficacy. Therefore, a dose adjustment from the clinical
dose of 100 mg QD based on baseline body weight is
not needed.

Determining the percentage of peripheral blood and
bone marrow blasts is important in hematologic malig-
nancies and is needed in diagnosing and characterizing
the prognosis of patients with AML and MDS.22–24

Bone marrow blasts >20% generally confirm a diag-

nosis of AML.23 It has previously been reported that
leukemic blasts express SMO receptors.25 Although the
mechanism for this result is unknown, it may be hy-
pothesized that patients with higher baseline percentage
bone marrow blasts may express more targets for glas-
degib binding, resulting in sequestration of glasdegib at
the site of action and, therefore, reduced drug clearance.
Among patients with hematologic malignancies in the
data set (studies B1371001 and B1371003), the median
baseline percentage of bone marrow blasts was 38.2%.
Based on the results of the analysis, with every per-
centage increment of baseline bone marrow blasts over
the population median value, there was a 0.4% decrease
in glasdegib CL/F. However, given that the magnitude
of glasdegib CL/F reduction at the upper extreme (ie,
90th percentile) is 17%, this is not likely to result in a
clinically meaningful increase in exposure (�1.1 fold)
and warrant dose adjustment due to safety.

Glasdegib is a substrate of CYP3A4 enzyme-
mediated metabolism; thus, concomitant use of
CYP3A inhibitors was evaluated for their impact
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on glasdegib CL/F. In the clinical study in healthy
subjects (B1371010), glasdegib as a 200-mg single
dose was coadministered on day 4 of 7 continuous
daily doses of ketoconazole 400 mg, a strong CYP3A
inhibitor. Administration of glasdegib in the presence
of ketoconazole resulted in a 140% higher area under
the plasma concentration-time curve extrapolated
to infinity and a 40% higher maximum plasma
concentration compared with glasdegib administered
alone.9 This represents a decrease in glasdegib CL/F of
58% with ketoconazole. Across the 3 studies, over 40%
of patients reported concomitant use of a moderate
or strong CYP3A inhibitor with glasdegib treatment.
The use of azole antifungal agents (also inhibitors
of CYP3A) is common in patients with AML/MDS
as clinically necessary interventions for treatment or
prophylaxis of fungal infections. The population PK
analysis estimated a 17% versus 30% reduction in
CL/F with moderate versus strong CYP3A use. The
magnitude of estimated decrease in glasdegib CL/F
was less than the magnitude of decrease observed in
the ketoconazole DDI study. According to clinical
data of patients treated with glasdegib, the frequency
and timing of dosing of CYP3A inhibitors plus
glasdegib are likely not as well controlled as in the
ketoconazole DDI study. Regardless, the 30% (or
up to 58% with ketoconazole) decrease in glasdegib
CL/F is not likely to pose additional safety risks
due to the resultant increased glasdegib exposure
(�1.4-fold in area under the curve for strong CYP3A
inhibitors), given the clinical dose of 100 mg QD. In
the first-in-patient dose-escalation study, the glasdegib
MTD was determined to be 400 mg QD. Given that
glasdegib exhibits linear PK, the MTD of 400 mg
would translate to a 4-fold higher exposure compared
with a clinical dose of 100 mg QD. The largest
expected increase in glasdegib exposure due to the
reduction in glasdegib CL/F with concomitant CYP3A
inhibitor use is well below the expected exposure at
the MTD.

Renal contribution to the elimination of glasdegib
is around 17%, based on the results of a previously
reported mass balance study.10 Renal function clas-
sification for glasdegib-treated patients was based on
the definitions of impairment by the National Kid-
ney Foundation.15 Across the 3 clinical studies, there
were 105 (39%) patients with normal renal function,
102 (38%) with mild renal impairment, and 61 (23%)
with moderate renal impairment. The median baseline
CRCL was 81.0 mL/min. Although baseline weight-
standardized CRCL was found to be a statistically sig-
nificant covariate on glasdegib CL/F, post hoc estimates
of decrease in glasdegib CL/F in patients with mild
and moderate renal impairment were 5% and 26%,

respectively. The magnitudes of these findings are not
clinically meaningful as to warrant dose adjustments
for mild or moderate renal impairment. No patients
in the clinical studies had severe renal impairment at
baseline, and thus no conclusions could be drawn for
this patient subpopulation.

Interestingly, patient population is an indepen-
dent predictor of glasdegib PK variability, and this
phenomenon appears to be a class-wide effect. In
exploratory analyses with glasdegib PK data from
healthy subjects, the estimated glasdegib CL/F was over
1.6-fold higher, and ka was over 13-fold higher, than
the final model estimates in pooled data from pa-
tients with hematologic and solid tumor malignancies.
Sonidegib and vismodegib are 2 SMO inhibitors that
have reported similar PK parameter differences. For
sonidegib, the clearance was estimated to be 3-fold
higher in healthy subjects than in patients with cancer.26

The population PK model reported for vismodegib
found close to doubling of ka in healthy subjects
versus oncology patients.27 For glasdegib, a possible
hypothesis that might explain the difference in clear-
ance and volume of distribution estimates between
healthy subjects and patients with cancer could be
that there is a lower expression of SMO receptors
in healthy subjects, although this has not been clin-
ically evaluated. The covariate analysis for glasdegib
found that patients with solid-tumor malignancies had
�83% and �65% lower glasdegib Vp/F and Q/F, re-
spectively, compared with patients with hematologic
cancers. Currently, the mechanism for this is unknown.
However, it can be hypothesized that patients with solid
tumors lack high SMO-binding targets of leukemic
blasts that are seen in patients with AML or MDS25

and, therefore, have lower glasdegib target binding and
distribution. The key parameters, CL/F and Vc/F, were
not affected by tumor type, and glasdegib exposures
are not expected to be different in patients with solid
tumors.

At plasma exposures to glasdegib doses �100 mg
QD, the downregulation of the Hedgehog pathway
marker glioma-associated oncogene homolog 1 (GLI1)
was robust and consistent, with no advantage for GLI1
modulation with higher doses compared with 100 mg
QD.3 The population PKmodel characterized the vari-
ability in glasdegib PK across the population through
understanding the covariates that were significant and
determining the clinical relevance of significant covari-
ates. Subsequently, the individual post hoc estimates
of glasdegib exposure metrics were derived from this
population PK model in exposure-response analyses
for efficacy and safety, which were instrumental in
providing further justification for the recommended
starting dose of 100 mg QD.28,29
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Conclusions
In conclusion, the population PK of glasdegib was
well characterized by a 2-compartment model with
first-order absorption. Covariates that were statistically
significant in the analysis were not considered to change
glasdegib PK in a clinically meaningful manner and did
not warrant any changes to the recommended glasdegib
dose of 100 mg QD.
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